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— ^>-§-,5lS 60 °<J=^r if-A]^ ^ o^ZL, Zl^Jl ^^fir 

•^B^HH *flH^ ^ofl 5 nm o)s}^\ ^.o. i^ t7 )^o] -g-Q3*}7fl o.^ 

■ir^l 1.5 71^31 -tfjL^^C interconnect ivityW j^o] oji=. 



£ 1 



iM-fr^l -B-71 ^e^HH oMl^MM-^Hfl M-i^7r, 7]^37l 

, -^-S:^^^ (interconnect ivity) 
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T^wfl^d-g- ^-n-^. ^ Si ^{Ultra-low Dielectrics for Copper Interconnect} 



-id^ 4iAS ^jl 60 ^ ^ Si ^i, ^.el^L 

-§r<>l 1.5 ^£5- 7]^^ #3: <3^( interconnect ivity)©l *fl-f -f^tt 
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CH#J7 ^Cf. ^£L7} ^JL ^^O] til-^j dfc^S. ^3*1 IH^Itt Wfl 

^#^4 ^<3^J1S ^^-(Si0 2 , A=4.0) H^b ti^l^ #3^0=3.5) 

* A}-§-tr ^-fH£^ ^-f , yfl^l-^^ ^(resistance, R)4 ^#-§-^ 
(capacitance, C)^ §1S i^l^fe RC ^^l^Hl ^tr *\3LX\<&3±, ^(crosstalk)^ St\^ 
^ ^^^2.7> o>^ ^*\) olsji oirf. 

*lSf SEMATECH^ ^ <^^ 7 1^)^^ j$L3t}^j- ^ ^^-§- E)]i£f ^ 

4, W ^ ^ ^sofl Af-g-^ tfls^tl #^>H^ Applied Materials 

a>3 Black Diamond™7> -fr^^-o] ej= 2.7^ *J-^ ^ (CVDW -B-g-^tJ-jl ^zr r 5^, o] 

(spin-on)*^ Dow Chemical SiLK -fM Jl£-7>7> 7>^- -fi-^tr ^ &t}. 

^14, -fr^-fro] 2.2 ol§>^ *H|tfl ^-n-^. #^£r af^^S. ^ #^^1 ^el ^ ^12:^1 

oi^ *)-fr^ #33 *M-3.*1, 13^3- *t>3* -H- 

711- ^-i: ^^#^^1 -?-7l nflH^^ ^-§-* 7^ nflHSj^] 

-fK£*H -n-71-^-7] q-^H«-^^» A3z tt ^, Jl^^^ ^>«^ -fr^o] 1.0 

*1 ^7l» ^ vflofl jsloJ^b}^ X\5L7} ^fl^U [ C .V. Nguyen, K.R. 

Carter, C.J. Hawker, R.D. Miller, H.W. Rhee and D.Y. Yoon, 
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Chew. Mater., 11, 3080 (1999)]. <>H, 3.7}7\ ^JL n £-5.JE7 r -g-sJ^r 

^H3E)y.^fl^l= [C. Nguyen, C.J. Hawker, R.D. Miller and J.L. 

Hedrick, Macro/no J ecu 1 es, 33, 4281 (2000)], ^ 3.* ^ 31 He] £-4} ^^^l 
(tetronics™) [S. Yang, P. A. Mirau, E.K. Lin, H.J. Lee and D.W. Gidley, Chem. Mater., 13 
, 2762 (2001)], l-^^€^^>a.€^l< 5 lH-^^-r]-ol^^o>T3]^o(l^ ^BH-HfisJMH. ^ig- 

[Q.R. Huang, W. Volksen, E. Huang, M. Toney and R.D. Miller, them. Mater., 14(9), 
3676 (2002)] ^°1 $X°-^ , #7] #«-g: <>l-g-*M 2.0 °l* r 2} £fe ^7]^- 3^ 

■S^^T ^7l 3.^£\ ^7>m^^ ^7] uflB^^Mq #-g-^ 

£^ol^B]5] ^-^^^-o] <^o]^] s\o] 71^5] 3.7) $ ^i£7} ^7>*>7]] ^tf. 3.5.]^-, 
Se]-^o) «^7§ ^ o]^-O.S. ^-frsqSM; nfl 7^-fHSi ^ iflbfl <&i& 7)^-^7} 7] nfl§. 

ofl, wl-tq-o} 7l?f |^ ^ g ^ o^JE a^i) ^ *fl^h& ^2]-tr 

6 >7l^bt|-. 

3e°flfe 7] 7)13 * -f^*>J7 7 ]^fi] 371 7> ^O.^ ^A]of| rt-tl 71 ^^-S* 

^ ^-fi-^l «T-^ ^2:^71 3]^*], -B-7] M-^^^># ^#3MB3. A}-§-§>^^ X\S. 7 } ^ 
^1^21 *^-8| ^Sjjl $Xt\-. o)$i\. ^^*H, 2^ IBM°fl <*] tt ^7>^= 
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ATRP(atom transfer radical polymerization) ^^4: <>l-§-*M 7>J]i:itHl: ^- ^ ^^7] 

Tfl 51 ^-7>V vflofl^^ 7>S^ol &*$S\o) 14^3.71 # ^ 0- 7 ]^7.>» ^S^^^ ^S^> 
^i=r [D. Mecerreyes, V. Lee, C.J. Hawker and R.D. Miller, Adv, Mater., 13(3), 204 
(2001)]. Stb, #71 q-i^V-i- l-BH€€^fl^Kr ^B^iSr ^ 
-S- g JL^]a^ iBS)i tJH ^€ 71^ 3717} ^ € Ha^^l 

34 71^1 ^-A>^o|cl-j7 ^.ZL^cf. o]i=- 7 ]^9\ ol-g-^j-^ ^-n-^ 

^e], 4-§-^°l M-i^^^m ^#31 °1HS ^r-§-^ 3-9- ^^^^1 

^-i^T^e) -g-^l^ ^Vol 71^1 ^*}*1 #.9-^, Hi^ 7 )^.o} x\s. ^-tl ^-Bfls s 

Tfltrmr 3* ^RH}. ZLE^, #7l -fi-7l ^^11^1 <^}=l7l« 

^2=* 3Kr A>ol^ S cj]^ B ^^ S. ^ ojrf. ^-71 <^7>7Hfl^ 371 7r 1.4 

~1.7 nm ^£.3. nfl-f *]-JL rf^tb ^7l» AHM.^:iM ^^1 Xi^l ^^1 

6flA^ ^El-7l^[(2 ) 3 ) 6-B2l- 
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-B-^i^, A>o]l-S^^^^^ 40% ^JE7 r *l 5L7]7> #Bfl^ 7^ 

•frA>*H, SE^b £tl 7l^a# ^fetj-jn. Jial^Sa^- [J.H. Yim, Y.Y. Lyu, H.D. Jeong, S.K. 
Mah, J.G. Park and D.W. Gidley, Adv. Fund. Mater., 13(5) (2003), tr^-S^H A 
2002-75720S] . ^4 ^^Hp^ofli -ir^r^ t+i^l^-i: f-ft-tr CSSQ 

B^i^r oj^ol nfl-* ^ -B-^^ ^ifl^cf. trheH 71313 s.^ , 

^l^Kbgr (CH 3 -SiOi. 5 )^ t 1 ^* -B-^Mrol ^-HU=2.7), ^ ^ <1 

7]^]^ ^Tg-jr). 4 ^(chemical mechanical planar izat ion, CMP)^)- ^ 3€3r «K£*i| ^ 
*<H ^-f^l^r ^ 71313 7J-£S 6]^H H>fl S\*r ^HH 5^. 

31 4r#^l- ^ ^HM^b ^3-°-^, ^^-M^^Kr xfl^l ^ 7l^ 

# £<3*Kr TJ^I^ §^ ^l^Ol ^^Tfl ^t}-. 0)6]}, ^^O, 

^*flii- $7>*H 71313 #^ol -?-^^>jl 3£^4^ #-§-^°l -f^rtb 
¥|^H> Wfl-afl* *llSt!: «r [tR-^^fl ^2002-38540^1]. 
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*\ ^Him^^mS-^^e^ uj-^oj^ A>-§-^-7l] 5\T&, ^ 

"T^tt ^-§-^-2.5. <?1*H 60 ->M% ^§BllolH7> tg-fh^ ^ ^^ZL, ZL^JL *\] 

L4> #7] tjflE^^^ #B^^4^^H> SE-fe- o]o) 40 ~ 70 ^-3Xj%jfi^, 

•#7] ^^eflolHS.^ <^H1^H#S.^]^H^ M-i^*} 30 ~ 60 ^%7> -fi-7l-§-*IH -g-Sfl3£M 

L5> o]<4 ^ 4^-32}- ^t}. 

L6> ^"gr ^^Wfl^-g- ^7^# ^^^-i: ^S^l nflJE^j^ ^^^i 
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S^H^ M-^°g^l-# *J!» A]-g-^>^ wvm-o. Si ^tfl ^#o] 60%°] ul, 2]^ 

°1 1.591 S^-B-^ ^ ^r, tslt^^lifl^ SE 

#3l°lHS 40 Jfs)% f-B-€ ^ 60 zi ^7M^ ^ 

fl°l 331 3.7]} -fr^MJS. -f-r« 2~^-R-3l £°i^-& ^ 

a°it*. 

L8> ^ofl^ nflH^^ #3^4141^^ S^r °13 

L9> nflE^S A>-g-S]^ *^1M0te °>^Se]<lH^1^4 Q , Qi-til 

fc^U^-M^K'St *W*H[*^^*l*7l| ^2002-38540^] » ^H-*}^ nfl, ^ -R- 

MB^t^l-i€ ^ 3J-*M 23. 31*1 4 a , co-wliHB]°^^l^^ ^^]« 

-fM-M/l-^ ZrV+vH ^°1H *V§-*M ^f^*H ^IS, 717^1^ l-^o] 

-f^r^L <§#3HH ^1 °Ml€>M-°l#^>:H3l43 #-§-^°l - s Hr*]-4. 
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2i> [^.^ i] 

R 

L 

22> [sj-%b] 2] 

RO^ OR 

ro"" -si — x— y — si -"OR 

RO OR 

23> ^7} 1 2<*IH, #7] R-gr A^ ^4 4^ 1 6^ g^7]» 

44^, X £ YtEt *J3. ^4 4^ ^AS^ 1 xfl^ 6 ^ M«7l» 44^14. 

ti| A>-g-tt4-. ■& ^4 ^4^^ ^^-^^ 7 fl ^]2002-75720Jl^ *\$r ^}o]^^^B. 
^ ^]5j<H Si 7]^ ^R>, o] ^oflA^ oHli/ioitsaiAEeiA ^#^o]bs 

(HTM-Jp-CD)^: a}-§-^- ^Alafl^oj 7]7flS)^ o^j7 ( HTM-0-CD^ ^ZL 40 ^%=% ^-a^JI 5^ 

°H1 #*H, ^ ^3<M*r ^#3HH3>| ^ A> o] § S ^| ?! 4 ^ A>^-o.s., 
^ul 60 ^f4%44 ^-R-Al7l^ ^£ 7>^-gfl^4. 

^.S. SAl* ^ 544. 

26> [^-^ 3] 
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^, Ri. R 2 * R3 ^ 3*1 S. ^>M-7> o>Afl^ 7 ] 014. 
28> -tf 7 ] 5)-^ 3°-S. S^fe- °H114°ltS tJ l^B^i- ^^l^^-S. ^H*}^, Be^MI 
fi- a-Aj-ol^^^B^, t-£ -^H t£^liB€ , Ha) oH] - y -A>o] f^^AE^ } 

4°1°MI«- a-A>ol§s.^^H^, o]->Hl -*H t^iH!l , 4 0 1 0 MI€-Y-*H#.3.^ 
SicoH^- a-A>°l#3.*l^iHfl, S^o}^ ig - p -A|-o] , £^M]^- Y -A> 
©leS^S^ ^o] ^ 014. 

ol^(DMA), 4<=>H€^^>o] = ( D MS0) ^o] 3Ltl-€ *r 
Bi> ZLSi 4^-, ^7] -B-7]-^-7l ^^--g-^^r 7l^r $H £ «J-^r ^rc^ 2 000 ~ 4000 

rpm^^-i 20 ~ 70 ^ ^S^-fr ;*)]S«Vt}. ojnfl , 7l^r^.S.^- iJ^o. 

(0.2 jtan)^. ^1 ^-^1 5S| » A>-§-^h 

nfls^^ ^7)2) ^^-g-a- ^i^ai^i *, 350 ~ 500 tc*im «t *m ^<?> -e-^i^v 

^ oHl^>ol#S.^^B?l -8-71 M-^71^ 3L^-fr& 7\]2, 
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JEfe- 4^ 3 'C/minS *>$m. 

-fi-31-a-ol 1.55>| ^nfl^-i- ^^^S- -fr-fr^. 



36> ^mBB^l^l^[CH 3 Si(0CH 3 ) 3 ;M -g-Sfm il°]^f?im(MIBK) ^-^ofl HC1 -§-^ ^ 
^^r» ^^*>^L a , ffi-a]^Htqtifl^Al^lH^ [(CH 3 0) 3 Si-CH 2 -CH 2 -Si (0CH 3 ) 3> BTMSE] -i: 3 
7>^r tq-^- ^1*Ja1?1 * -g-ufl ^ HC1 ^71^-0.^^1, BTMSE ^ 10 mol%, Mw 

2426, Mn 2,700, Si-OH/Si Q*W= 27%<?1 ^t^^I^^-a} 2^ WIMfl* ^2^^. 

37> ^Al^l 2 : t4^71^ 

a)-til^H&l^l^-Al^^o]]^ 2% ^f-^KBTESE 10%), SEtt ^H^t^aI^ 3 }- a,c»-«l 
^BeH^MlH 1 ^ 2-S ^^KBTESE 25%)* ^>-g-^, ^1-S|]^BS.^ H^<>Ml 1 i-.p- 

*r*l ^, a l°fl s^wjs. -^71-^-71 ^-g-°->}* ^2:^t^. 
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^ ^1^.2.=. (FIFE) ^£K0.2 w)S- -f-aJ-A)^ ^e)^o]3| ^) ^ j ^- 7 ] -ft-71-^71 ^ 

^"-§- OJ l^ ^ y ^ ^, 3500 rpm 50^ ^ *H *fl2^r53 

^. Tfe^ ^r£# 250 °C?}7] #7H^ ^ ^7) nfl^^ 

10> ^71^ ^ ^i>-5L *fl^€ ^oj]o} « 0 v^o.^. t /j|. 

12> # 7 ] 2 <HH aj)^ «]-^ #^1- ^ <t^^lBl(ellipsometer, L166C, 

Gaertner Scientific Corp.)# °l-g-*H 632.8 nm ^^-oT| ^-i ^^rSl^. 

13> ^-sj-^j US. S^s)^- 3.^2-3.^2 ^(Lorentz-Lorentz 

equation)^: «l-§-*>^ 7jl<^-§>^r^. 

14> n„-l n,-l 

= (i- P ) 



[^^-Al n s +2 ~n r +2 

45> ^-71 loflA-], ns i£^r n r ^r ^ 4^ 5E^ «lt^ ^#^1 #^l-(ref ract ive 

indices)^- M-bH^., p^ cf^-J£ (Porosity)* ^^4. 
16> ^ ojg. ^^^^rf. ^[££7> pfl-f ^ ^ 

€•^^351(0.008 £-m)» ^f^i^- ^-§-^3., zl $H ^"71 2 <HH afls^ ^7^^ 
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S^ 1 }. o]^7fl a]^^ HP 4194A ^3)0}^ ^7l(impedence analyzer)* 

■i: 7fl^}53rK Stb -B-^i^r^r ^ 23. S.^s)fe Maxwel 1 -Garnet t 

i7> k B -l _ k r -l 
2] ^+2 _(1 " P) k^2 

48> ^-71 2<HH , k s k r ^8r ^ a^- w]rf^ -^^^1 ^(dielectric 

constants)* M-^iflJl, ^£(p 0 rosity)« ^E}-^t^. 
49> [5. 1] 





(•¥-=)») ! 
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(BTMSE 10%) 
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2.87 
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2806 
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39.2 


1.87 
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2746 


1.180 
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1.64 


1.66 
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2523 


1.150 


59.2 


1.52 


1.55 


(BTESE 25%) 
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2723 


1.373 
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2.74 
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2817 
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[ 14.2 


2.50 




30 


2442 
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20.2 


2.28 




40 


2325 


1.206 
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1.86 




BTMSE: a , a -H|iHel <*I|s.a|^ 
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:so> ^efl 2 : ^§3HH^ ^ ^ *}M 

=5l> i^cq ^xj-fr^ MV^, tt^^^7fl ^) 2002-75720^^1 ^l^M 2,*\-?r$. ^ 

:52> Tgx$cq ^-8r , ^^M^]^^ 2^ 1, BTMSE 10% 

^-R-)°fl W3HH3>| Ssl^Hl€-^-^>°l#S^]iHel M-i^^^XTABCD)!- 0, 10, 20, 30, 
40, 50, 60 f-^-^-ir ^s}-^ ^ V6 14. yl^lS^ ^H]^ iM-fr^l 

[tCD]i 0, 10, 20, 30, 40, 50 ^-fr^* ^sH^ «v^-o]c}. 

:54> Oj^-o]]^ ^Ol, -g- ^ofl tcHg. ^^-B-^m-^r *flH^ ^-^Tr 

55> ^*1 €^£r 5L^ ^^1 <3^1 ^r*Kr 3^ ^ ^ 
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1] 

-fM SE^r ^-71 nfle^^ ^lM^iB^] 7]^^-g- A>-8-*H afl^ 

iM-fr*l ££^41 SU^i, 

#7] DflEgJA^ i&^r 40 ~ 70 ^%^, 

^-7] ^!-5|HH3.Ai <5HM 0 ltS c J!iH!i ^^7> 30 ~ 60 ^%7} ^. 7 )-%-^d\] ^s\o] 
91^ *7l-Jf7l ^-g-^^- S^^H ^1 OJeL 

2] 

[%^% 3] 
4] 
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OR, 






R 2 0 OR 3 


n 



^, Ri, R 2 « R 3 ^ ^>M-7> ^H]^7lo]rf. 



5] 

el^Hm-^-AH^S.^^^, H^oHi^-y-AH^rtj^H^, ^I^Hl^-a-Al-olg^orii 

r 

6] 

—(DMA) £ 4°HM^^M = (DMS0) ^-t- ^ ^BflAj-g- 
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[3^8- 7] 



21-20 



4^ 



'086244 



2004/6/14 



70 



to 

s 

o 

Q. 
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• BTMSE 10%: 2.87 (ft) 
-CSSQ:2.51 (k) 


K=1.52 * 




• 




BTMSE 10%/TABCD 
• 


• 

o 


°*=1.90 

• o 
° CSSQ/tCD 


0 




- o 


4 1 1 1 ' 



10 20 30 40 50 
Porogen loading (vol%) 



60 
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